From the President
Dear IETS Members I hope everyone has had an eventful summer (or winter, depending on where you are located).
In June this year the Board held its mid-year teleconference, involving a 5-hour phone conversation between about 12 people located at various places around the globe. A long agenda of items was discussed of which some of the main points are highlighted below.
Plans for the 2010 meeting in Cordoba, Argentina are being finalized thanks to the hard work of the local organizing committee spear-headed by Gabriel Bo and Lucas Cutaia. We are very much looking forward to this joint meeting with our colleagues and friends from Brazilian Embryo Transfer Society (SBTE). We also thank in advance the sponsors who have come on board for the meeting, without whom the running of our Annual Conferences would be more challenging.
The level of interest in any conference can be gauged early on by the number of abstracts submitted. This year has broken all previous records with 479 abstracts submitted, of which 449 were deemed acceptable (see Table 1 .). On behalf of the Society I would like to thank all the Section Editors and Abstract Reviewers who worked diligently to process these abstracts within a relatively narrow timeframe and, of course, you for submitting your work in the first place. All of the main papers and abstracts, as well as those from the pre-conference symposium, have now been sent to Reproduction, Fertility and Development for typesetting. Details of the program can be found at http://www.iets.org/2010/. 
Effects of embryo manipulation
Embryo manipulation is a common practice in modern agriculture and laboratory animal breeding. Modern assisted reproductive technologies (ART), in particular AI but also, to a lesser extent, IVF and intracytoplasmic sperm injection (ICSI), supported by gamete and embryo cryopreservation have revolutionised domestic animal breeding programmes. These technologies accelerate the progress of genetic improvement and enable distribution of germplasm worldwide, thereby supporting conservation efforts for endangered species and captive breeding programmes. Animal husbandry practices are modifying the 'natural' production of embryos and range from simple hormonal treatments that change the timing, as well as the extent, of ovulation to complex methods of ART, including the in vitro production (IVP) of embryos or micromanipulation for the production of nuclear transfer (NT) combined with transgenic (TG) modifications. All these methods can have a profound effect on embryo function. The physical effects of these manipulations or the altered environment can change gene function patterns, cell physiology and, subsequently, the long-term health and viability of the embryos and the developing progeny. Although embryos will try to adapt to the stress to which they are subjected, and will be able to compensate to a certain extent for the suboptimal conditions, there are some changes that may still occur, including epigenetic modifications, altered intracellular signalling, metabolic stress, gene expression changes, apoptotic changes and disturbed cell proliferation. This multifactorial process, whereby short-term epigenetic, metabolic and proliferative conditions (possibly coupled with an altered maternal physiology) impose homeostatic changes in gene expression and setting of the neuroendocrine axis during later gestation, may result in long-term effects such as abnormal placentation, altered maternal nutrient provisions, abnormal fetal growth rate, abnormal birthweight and postnatal growth and, ultimately, cardiovascular and metabolic syndromes (Fleming et al. 2004) .
Cryopreservation is among the most often used embryo manipulation techniques and, in this review, we present some of the potential consequences of combining it with other types of manipulation. Indeed, cryopreservation often results in significantly reduced embryo viability owing to the additive negative effects of the various manipulations.
Superovulation to produce embryos in vivo
Superovulation is a method to increase the number of oocytes or embryos obtained from valuable donors and to induce events at predicted time points. In cattle, multiple ovulation and embryo transfer (MOET) protocols increase the production of progeny with a high genetic value. There have been few improvements in superovulation protocols over the past 15 years, despite the fact that approximately 20% of donors do not produce usable embryos. Furthermore, the developmental stages of embryos recovered from superovulated cattle vary considerably when evaluated using morphological criteria (Callesen et al. 1995) . Much of the variability in quality that is evident in in vivoproduced (IVP) embryos can be attributed to the donor animals.
However, the occurrence of pregnancies and births after embryo transfer (ET) of superovulated IVP embryos is generally better than that of embryos produced in vitro. This difference in the success of ET has been observed when embryos of morphologically equal (high) quality were used (Pomar et al. 2005) . Studies in mice, where hormonal stimulation is a common practice, revealed that superovulation can result in aberrant genomewide DNA methylation in early mouse embryos (Shi and Haaf 2002) . Superovulation alters the expression of imprinted genes in the mid-gestation mouse placenta (Fortier et al. 2008) , which may contribute to developmental failures (Gardner and Lane 2005) . In humans, there is an increasing body of evidence showing that 'mild' superovulation protocols can reduce the incidence of numerical chromosomal abnormalities (anapleudy, often approximately 70% among IVP human embryos). Differences in rates of human mosaic embryos suggest an effect of ovarian stimulation on mitotic segregation errors (Baart et al. 2007) . Although aneuploidy is present even in embryos from young women, in the absence of ovarian stimulation its occurrence is much lower than after superovulation (Verpoest et al. 2008) .
Increased understanding of the processes of in vivo oocyte growth, maturation and improved hormonal stimulation protocols are essential to improve the quality of superovulated embryos. Future ovarian stimulation strategies should avoid maximising oocyte yield and, rather, aim to generate a sufficient number of chromosomally normal embryos by reduced interference with ovarian physiology in both animals and humans.
In vitro production of embryos
In vitro embryo production, consisting of three stages, namely IVM, IVF and in vitro culture (IVC), is a widely used technique with basic methods that were established nearly 30 years ago following major breakthroughs of the production of the first human infant (Steptoe et al. 1980 ) and the first IVF calf (Ball et al. 1983) . In animal breeding, the introduction of IVP of embryos resulted in an alternative method to conventional superovulation techniques (Bavister 1995) .
In vitro systems to produce viable mammalian embryos have become increasingly defined over the past 15 years. The process can be broken down into three main steps: (1) IVM, during which the oocyte is matured under the influence of hormones until it is capable of being fertilised; (2) IVF, when a spermatozoon penetrates the oocyte and the second polar body is extruded; and (3) IVC, the progression from the one-cell zygote to the desired product, usually a blastocyst. However, there are still several problems associated with the IVP of embryos, including a low rate of development and the inferior quality of IVP embryos. In particular, the developmental competence of IVM oocytes is considerably less than that of IVM oocytes (Smith et al. 2008) .
The low overall efficiency, manifested as the frequent failure (up to 50-60%) of immature oocytes to reach the blastocyst stage, is almost certainly related to the intrinsic quality of the oocyte at the beginning of the maturation process Rizos et al. 2002) . Furthermore, the artificial environment of the IVP process affects embryo developmental rates. Despite extensive research into how to increase the yield of blastocysts from immature oocytes, the quality of IVP embryos, including their survival following cryopreservation, has continually lagged behind that of their in vivo-produced counterparts. Part of the problem is the lack of reliable methods to evaluate the quality and/or predict the viability of IVP embryos. Subjective morphological evaluation using a standard stereomicroscope is still the most common technique for rapid routine assessment of embryo quality and viability before cryopreservation and transfer.
Refinements in IVP procedures and the development of reliable techniques to evaluate embryo quality are needed for a more efficient embryo production system with improved cryosurvival potential.
In vitro maturation
Oocyte maturation, whether in vivo or in vitro, is one of the most important steps for further embryonic development. This stage strongly depends on communication between cumulus cells and oocytes (Fukui et al. 1990; Farin et al. 2001) . Despite numerous procedural advances, IVM remains a limiting critical step for successful in vitro embryo production.A high percentage of oocytes may cleave after IVF, but usually only a low percentage develop to the blastocyst stage. The identification of factors affecting oocyte maturation has been of considerable interest since bovine IVF became possible in the early 1980s. This has resulted in improvements in maturation protocols after clarification and standardisation of the crucial steps in oocyte maturation (Pavlok et al. 1993; Lonergan et al. 1994; Yang et al. 1998) .There are several factors that are critical to the competence of oocytes to develop further in vitro, including the intrinsic quality of the oocyte, follicular size, the method of oocyte retrieval, the maturation media, serum/bovine serum albumin and hormones, time and the temperature at which maturation occurs.
In vitro fertilisation
Fertilisation is a complex process that entails the union of two gametes (spermatozoon and oocyte). Performing fertilisation in a laboratory dish is a manipulation with the potential to affect the quality and cryosurvival of the resulting embryo. The developmental potential of the embryo is affected by the number (or pattern) of calcium oscillations that take place upon oocyte meiotic maturation and activation, which controls cortical granule exocytosis and cell cycle resumption at fertilisation (Ducibella et al. 2002) . Altering the number of calcium oscillations experimentally may also affect the relative number of inner cell mass (ICM) and trophectoderm (TE) cells in the blastocyst (Bos-Mikich et al. 1997) , the rate of apoptosis (Gordo et al. 2000) and the extent of fetal development of parthenogenetic embryos (Bos-Mikich et al. 1997; Ozil and Huneau 2001) .
In vitro culture
Normally after fertilisation, embryonic development involves protein synthesis, proliferation, differentiation and the divergent development of fetal and extra-embryonic tissues. Fertilised embryos can be cultured in vitro until the preimplantation stages. The use of IVP embryos is still associated with some problems because the IVP embryos do not reach the quality of those derived in vivo.
Cryopreservation of manipulated embryos
Reproduction, Fertility and Development 47 In particular, the 5-6 day post-fertilisation period of IVP embryos is the time during which various developmentally important events occur, including the first cleavage, activation of the embryonic genome (Memili and First 2000) , compaction of the morula and blastocyst formation (Tesfaye et al. 2004) . Such events lead to morphological elongation of embryonic tissues, cell-cell contact between the mother and the embryo or fetus and placentation (Ushizawa et al. 2004) .
The transition from maternal to embryonic control of development, also called activation of the embryonic genome, begins at the eight-cell stage in in vivo-produced cattle embryos, but at earlier stages in IVP embryos, possibly as early as the two-cell stage (Plante et al. 1994) . This phase of embryo development is vulnerable to adverse conditions and corresponds to a block in vitro when culture conditions are inadequate. Different culture systems have been proposed to overcome this block, although it is not known whether the different systems influence activation of the embryonic genome and further development. Activation of the embryonic genome is important because genes involved in cleavage, compaction and blastocyst formation must be expressed at the proper time. There is also a link between early cleavage kinetics and further development (Dinnyes et al. 1999) . All these events may be related to the transcriptional activity of the embryo.
In IVC-produced mouse embryos, reduced fetal growth has been observed following ET compared with their in vivo counterparts (Biggers et al. 1965; Bowman and McLaren 1970) . The IVC conditions, particularly the inclusion of serum, may have a deleterious effect (Khosla et al. 2001b; Summers and Biggers 2003) . Embryos cultured in medium containing serum have reduced viability and, after transfer, give rise to smaller fetuses than those cultured in the absence of serum or those developing in vivo before transfer (Khosla et al. 2001a) . Furthermore, IVC conditions can alter the behavioural activity of offspring after ET (Ecker et al. 2004; Fernández-Gonzalez et al. 2008) ; for example, in ruminants, IVC conditions may result in large offspring syndrome (LOS). LOS has been identified in both sheep and cows. It is characterised by aberrant fetal and placental development, increased fetal myogenesis, dystocia, dysfunctional perinatal pulmonary activity, organomegaly and increased mortality in early postnatal life (Walker et al. 2000; Sinclair et al. 2000; Wang et al. 2005) . Surviving animals maintain features of abnormal organ size during their lifetime (McEvoy et al. 1998) . The occurrence of LOS is particularly associated with the use of sera and complex media Sinclair et al. 1999 Sinclair et al. , 2000 .
Gametogenesis and early development are critical periods for the erasure, acquisition and maintenance of genomic imprints. There is growing evidence that epigenetic events in the early embryo contribute to altered developmental potential (Khosla et al. 2001b; Lucifero et al. 2004; Fernández-Gonzalez et al. 2007) . In vivo evidence suggests that the nutritional status of the mother can affect the microenvironment of preimplantation embryos and have long-term effects via epigenetic programming (Sinclair et al. 2007) . The regulatory roles of imprinted genes encoding insulin-like growth factor 2 (Igf2) and its receptor (Igf2R) in fetal growth (DeChiara et al. 1991; Wang et al. 1994) and those encoding Igf2, Mash-2, Ip1, Peg-3, among others, in placental growth and nutrient supply (Guillemot et al. 1994; Hiby et al. 2001; Constancia et al. 2002; Frank et al. 2002) make these sensitive targets for embryo epigenetic modification (Reik et al. 2003; Lucifero et al. 2004) . Embryo culture conditions alter gene expression (Ho et al. 1995; Stojanov et al. 1999; Stojanov and O'Neill 2001) ; in particular, the pattern of methylation of imprinted genes has been shown to change in a gene-specific manner in response to embryo culture conditions (Doherty et al. 2000) . Expression of Igf2 and H19 is reduced and H19 differentially methylated region (DMR) is hypermethylated in mouse fetuses exhibiting a reduced growth rate following embryo culture in medium containing serum compared with medium lacking serum (Khosla et al. 2001a) . In sheep, Igf2R expression, but not that of Igf2, is significantly reduced in fetuses exhibiting LOS, thereby enhancing the bioavailability of Igf2 and likely contributing to the syndrome (Young et al. 2001) . Bovine fetuses derived from IVP also exhibit higher expression of Igf2 in the liver than corresponding in vivo-produced controls (Blondin et al. 2000) .
Recent reports indicate that genes that are differentially expressed in IVP embryos may be affected by in vitro oocyte maturation, fertilisation and culture conditions compared with embryos resulting from AI and those produced in vivo (Smith et al. 2008) . The IVP embryos differ from in vivo-produced embryos in many ways, including the timing of development (Knijn et al. 2003) , morphology (Van Soom et al. 1997) , intercellular communication (Boni et al. 1999) , metabolism (Khurana and Niemann 2000) , cell number, the incidence of mixoploidy (Viuff et al. 1999; Booth et al. 2003) and gene expression (Tesfaye et al. 2003) . These events also contribute significantly to embryo survival following cryopreservation.
There may be significant changes to the metabolism of IVC embryos compared with their in vivo counterparts. In general, metabolic activity and substrate preferences change between the early and late cleavage stages, with elevated glucose and oxygen consumption before cavitation (Hardy et al. 1989; Houghton et al. 1996 ; for a review, see Leese 2003) . Nutrient consumption varies depending on the IVC conditions (Leese 2003; Summers and Biggers 2003) . Although the glucose consumption rate does increase in late cleavage, oxidative phosphorylation (and not glycolysis) is the primary source of energy production in blastocysts (Houghton et al. 1996; Leese 2003) . The extent of glucose uptake itself may be a positive indicator of fetal developmental potential after ET (Gardner and Leese 1987) ; however, in embryos, elevated glycolysis can be viewed as a stress response (Leese et al. 1998; Leese 2002) .
Another approach to improve the quality of IVP embryos is to reduce the potentially detrimental effects of reactive oxygen species (ROS) during culture. Attempts to reduce or counteract the production of ROS, such as superoxide and hydrogen peroxide, are of particular interest because both are produced by the mitochondria and can have deleterious effects on mitochondrial membranes. Much of the production of ROS is purely chemical in nature and thus probably relatively unaffected by changes in temperature, pH and ionic concentrations during cooling. Conversely, the cellular defence mechanisms against ROS, such as superoxide dismutase, catalase and glutathione peroxidase, are enzymatic and thus have little effect outside the normal 48 Reproduction, Fertility and Development A. Dinnyes and T. L. Nedambale physiological range (Johnson and Nasr-Esfahani 1994) . Oxidative stress in the bovine embryo can lead to DNA damage (Takahashi et al. 2000) . Exposure to ROS will enhance the demand for anti-oxidant enzymes to maintain homeostatic control, which may further compromise developmental potential (Orsi and Leese 2001) . ROS damage in bovine embryos is suppressed by inclusion of vitamin E in the culture medium, which stimulates development both before and after ET (Olson and Seidel 2000) .
Sex-determined embryos
It is feasible to predetermine the sex of offspring from several species before fertilisation with an accuracy of 95% by using sex-determined spermatozoa (Seidel 2003) . Consequently, sperm-sexing technology offers farmers and global livestock industries a means by which to double the efficiency of current breeding practices by producing animals only of the desired sex. However, the sorting speed is the limiting factor, creating a barrier to the widespread application of sex-sorted spermatozoa, particularly for use in traditional AI. Furthermore, the low concentration of sorted spermatozoa (0.3-3 × 10 6 per straw cf. 2 × 10 6 normally) is an obstacle, with pregnancy rates remaining low and variable (Xu et al. 2006) . As an alternative to insemination with low concentrations of spermatozoa, IVF is used to increase the fertilisation efficiency of X-sorted spermatozoa. However, the developmental potential of embryos fertilised in vitro by X-sorted frozen-thawed spermatozoa remains low, possibly due to problems associated with the unknown optimal duration of fertilisation for X-sorted spermatozoa (Nedambale et al. 2007) . Although many different techniques for determining the sex of embryos are currently under development, the most often used is sexing by removing a few cells from the embryo and probing the DNA in these cells for the presence of a Y-chromosome in male embryos (Gardner and Edwards 1968) . This process successfully determines sex more than 90% of the time, provided that the technicians performing the technique are skilled (Anderson and Medrano 1997) . The time and skill required to biopsy embryos is a major drawback. Furthermore, most of the biopsy sexed embryos do not survive cryopreservation.
Embryo splitting
Embryo splitting remains an effective and rapid technique for increasing the number of offspring from a single embryo; it is the same procedure that occurs naturally resulting in identical twins (Mitalipov et al. 2002) . In domestic species, most of the documented embryo splitting has been accomplished using two different approaches (Williams 1984) : (1) blastomere separation (Willadsen 1979) , which has led to the birth of triplets and quadruplets, as well as monozygotic twins, in several mammalian species; and (2) blastocyst bisection (Ozil et al. 1982) , which has led to the birth of monozygotic twins. However, embryo splitting is time consuming and, in cattle, pregnancy rates per half embryo are approximately 10-15% lower than those with a whole embryo (Johnson et al. 1989) . In addition, the tools requried are costly. Split embryos do not survive cryopreservation well, resulting in low pregnancy rates after ET.
Embryos produced by ICSI
Intracytoplasmic sperm injection is a fertilisation procedure in which a single spermatozoon is injected directly into a denuded matured oocyte; ICSI is commonly used to overcome male infertility and is mostly used in humans (Palermo et al. 1992) .
The first study performed reported low survival and implantation rates for ICSI embryos (Van Steirteghem et al. 1994) . Later, good embryo survival following cryopreservation (but lower implantation rates than conventional IVF) was reported (Macas et al. 1998) .
Long-term follow up of ICSI-generated human babies is limited; however, recent studies report a significantly higher incidence of malformations after birth and there is some evidence for obesity and high blood pressure in adulthood (Belva et al. 2007) . Further studies are needed to clearly distinguish the effects of ICSI v. other steps of ART. The lack of natural sperm selection during ICSI increases the potential of using spermatozoa containing fragmented DNA. In a mouse model, it was demonstrated that the long-term developmental effects of ICSI using such spermatozoa included aberrant growth, premature aging, abnormal behaviour and mesenchymal tumours (Fernández-Gonzalez et al. 2008) .
Transgenic embryos
A TG embryo is an embryo that has had its genes modified by technical intervention, meaning a segment of new DNA has been physically inserted into the genome. The DNA segment is present in the germline, so it can be transmitted to progeny as a Mendelian trait. Transgenic techniques in mammalians are most developed in mice as a species of choice for biomedical research. The techniques have also been implemented in farm animals, with the expectation of increasing animal production efficiency by enhancing disease resistance and improving the quality of animal products (Machaty et al. 2002) . The effects of transgenesis on embryo quality and development depend, in part, on the general effect of the TG method used, including micromanipulation, IVC, viral exposure, ET, etc. Furthermore, the specific gene construct may change the genetic make up of the embryo as a result of the expression of the new gene or by altering the existing gene expression in the embryo.
Chimeric embryos
Chimeric embryos are generated by mixing cells obtained from genetically different embryos. Usually this is achieved by placing two morula stage embryos in direct contact (following removal of their zona pellucida) or by introducing cells from a donor embryo either beneath the zona pellucida of a morula stage recipient or in the blastocoelic cavity (in contact with the ICM) of a blastocyst stage recipient. The cells from the two embryos assemble to form a single chimera that, when placed in a foster mother, can develop to term. Depending on the circumstances, the contribution of the two partners can be approximately balanced, with a comparable proportion of cells from each origin in all tissues, or it can be very markedly skewed in favour of one or the other. It is important to realise that chimerism is not hereditary: each cell of the chimera, and therefore each one of its germ cells, derives from either one or the other partner and does not contain . The data suggest that there is a 'minor gene activation' between the one-and eight-cell stages in cattle (Memili and First 2000) or the one-to two-cell stages in mouse (Ma et al. 2001) . Changes in the transcriptional machinery and chromatin structure play an important role in the control of early gene expression.
the entire body of genetic information present in the chimera (Fehilly et al. 1984) . Thus, the generation of a chimera does not produce a member of a new species, nor a hybrid, but a unique individual. Chimeras have been produced between animals of different species, for example by mixing cells from goat and sheep embryos (Meinecke-Tillmann and Meinecke 1984; Ruffing et al. 1993) . In practice, the most often used and special case of chimerism is the generation of chimeras with genetically modified embryonic stem (ES) cells in the mouse. This method allows the production of TG mice with homologous recombination. In some cases, the embryonic component is tetraploid, contributing to placental development, whereas the fetus itself originates entirely from the ES cells (Nagy et al. 1993) . However, mice generated completely from ES cells show aberrant fetal growth and increased perinatal mortality associated with abnormal expression and methylation of Igf2 and Igf2R gene clusters in the original cultured ES cells, which is maintained during later development (Dean et al. 1998) .
Cloning by SCNT Somatic cell nuclear transfer into an oocyte cytoplasmic environment allows full reprogramming of somatic cell nuclei into a zygotic pluripotency stage with the potential to develop into a new live animal. Since the birth of 'Dolly' the sheep, the first mammal derived from an adult somatic cell , progress was fast, including the first TG mammal to be produced by SCNT from a cell line modified genetically in culture (Denning et al. 2001 ) and knock-out pigs (Phelps et al. 2003) . This technology has also resulted in live births in other species, including cattle (Kato and Tsunoda 1998), mouse (Wakayama et al. 1998; Wakayama and Yanagimachi 1999) , rabbit (Chesne et al. 2002) , rat (Zhou et al. 2003) , goat (Baguisi et al. 1999) and horse (Galli et al. 2003) . Nuclear replacement efficiency varies among species, but is very low in most species (<1%). However, in cattle, the reported percentage of born progeny per reconstructed embryo has increased to approximately 10%. This considerable progress is due not only to improved nuclear replacement methods, but also to better IVM and IVC systems (Galli and Lazarri 2008) . These successes do, however, mask several confounding issues, including the limited lifespan of primary somatic cells in culture and the low efficiency of gene targeting in these cells (Denning et al. 2001) , which effectively limits the target genes to those that are expressed in the donor cell. New strategies need to be developed to overcome such constraints.
Data from nuclear transplantation studies indicate that transcription of the zygotic or embryonic genomes (Fig. 1 ) must be delayed until the nuclear remodelling and reprogramming events have been completed (Wang and Latham 2000) . Gene expression patterns between IVP and SCNT embryos differ when compared with in vivo-derived embryos and may originate from all steps of the manipulation process from different protocols (Memili and First 1999; Wrenzycki et al. 2003) . Specifically, cloned embryos have a disadvantage in terms of survival rate compared with IVP embryos because of the multiple potential causes of abnormal gene expression and the inability of cloned embryos to recapitulate many of the essential events of normal development. These include formation of the embryonic genome, establishment of the ability to regulate gene expression, transcriptional 50 Reproduction, Fertility and Development A. Dinnyes and T. L. Nedambale activation of the embryonic genome, epigenetic modifications of the genome and correct execution of the developmental gene expression programme leading to successful embryo implantation and, ultimately, birth (Latham 1999; Smith et al. 2008) . SCNT embryos in both ruminants and mice experience similar abnormalities in fetal growth, reduced viability and increased perinatal death (Yanagimachi 2002; Summers and Biggers 2003) Cloned mouse and bovine embryos also exhibit abnormal epigenetic organisation, with incomplete reprogramming of imprinted gene methylation patterns in the donated somatic cell nucleus (Yanagimachi 2002) .
Embryo transfer
Embryo transfer is applied routinely in cattle, sheep and goat reproduction, in laboratory animals and humans. Although it is considered a benign procedure, in fact handling of embryos during ET can have long-term consequences. In mouse ET (together with IVC), increased systolic blood pressure was observed in offspring at 21 weeks of age compared with offspring from in vivo-developed embryos (Watkins et al. 2007 ). Moreover, the activity of enzyme regulators of cardiovascular and metabolic physiology is significantly elevated in response to embryo culture and/or ET in female offspring at 27 weeks of age. These animal data indicate that postnatal physiological criteria important in cardiovascular and metabolic health may be sensitive even to routine ET procedures (Watkins et al. 2007 ).
Effect of cryopreservation on embryos
Cryopreservation is an essential method to increase the practical value of livestock embryos, allow easy international trade of female genetics and gene banking for the long term. Mouse spermatozoa and embryo cryopreservation are major tools to maintain specific TG/knockout mouse strains and lines that are crucially important to biomedical research (Critser and Mobraaten 2000) . In endangered breeds and species, gamete and embryo banks can ensure the preservation of genetic diversity. In laboratory animals, often with TG modifications, the large number of strains can be economically and safely managed with the help of cryostorage for banking embryos from all strains. Cryopreservation stresses the embryo chemically and physically. The extent of the alterations varies and consequences can be observed by different methods. Traditionally, cryopreservation methods were developed empirically based on in vitro survival and pregnancy and progeny rates after ET. Polge et al. (1949) successfully cryopreserved bull spermatozoa by introducing glycerol as a cryoprotective agent (CPA) into the freezing medium for the first time. Later, many other non-electrolytic permeating CPAs, such as dimethylsulfoxide (DMSO), ethylene glycol and propylene glycol, were introduced for other cell types (e.g. embryos and oocytes) in various species (Mazur 1970) . The most important characteristics of CPA solutions are that they are, for the most part, readily able to permeate embryos and are relatively non-toxic at concentrations of 1 m or less. The primary basis for their protective action is that they lower the concentration of electrolytes during freezing, therefore decreasing the extent of osmotic shrinkage at a given temperature. The extent of protection depends primarily on the molar ratio of the CPA to endogenous solutes inside and outside the cells. The protective mechanism of action of CPAs is colligative.
Freezing methods
The most common embryo cryopreservation method inovlves slow equilibrium freezing. This procedure consists of: (1) the addition of a permeating CPA (e.g. glycerol, ethylene glycol, DMSO, propylene glycol) or a non-permeating CPA (e.g. sucrose, glucose, trehalose) to the embryos before cooling; (2) seeding the samples a few degrees below the freezing point of the cell suspension and cooling the embryos to a low temperature at rates calculated to minimise intracellular ice formation, then storage at below glass transition temperatures (in the range −130 to −196 • C); (3) thawing the embryos; and, finally, (4) removing the CPA from the embryos and rehydration before use.
In general, we can expect coupled flows of water and CPAs when CPAs are added, during freezing, thawing and when CPAs are removed from the embryos. During the cryopreservation process, embryos are subjected to a series of anisosmotic conditions. Initially, due to a hyperosmotic environment during the addition of the CPA, the embryos shrink as water is driven out of their cells by osmosis but then return to their isosmotic volumes as the permeating CPA enters the cells and water follows in to maintain chemical potential equilibrium across cell membranes. During the freezing procedure, the cells dehydrate and shrink as the water in the cell suspension gradually freezes below the freezing point of the more and more concentrated solution. The embryo cells remain shrunken during storage, but return to their isosmotic volume upon thawing. Finally, the cells are subjected to potentially lethal swelling upon CPA dilution and removal. These shrinkages and swellings may cause damage or cell death (Mazur and Schneider 1986) .
If cells are cooled too rapidly during the cooling process, water does not exit the cells fast enough to maintain equilibrium and, therefore, the embryos freeze intracellularly (Mazur 1990) , resulting in death in most cases (Muldrew and McGann 1994) . If cooling is too slow, the long duration can cause 'solution effects'injury resulting from the high concentration of extraand intracellular solutes (Critser et al. 2002) , probably due to the effects of the solutes on the cellular membrane or through osmotic dehydration. A cooling rate either too high or too low can kill cells. There is a cooling rate for maximum survival that varies greatly depending upon the embryo type (Mazur 1963) . Embryo cryopreservation protocols commonly use cooling rates of 0.3-0.6 • C min −1 .
An embryo that has survived cooling can still be damaged during warming and thawing (Mazur 1984) . These effects depend upon whether the prior rate of cooling has induced intracellular freezing or cell dehydration. In the former case, if the cells are not destroyed through lysis from intracellular freezing, they may end up with an accumulation of smaller, thermodynamically unstable ice crystals that may subsequently undergo recrystallisation, forming bigger ice crystals that rupture the cell membrane, thus leading to fatal damage. Rapid thawing can rescue many cells, possibly by preventing the harmful growth of small intracellular ice crystals by recrystallisation.
Mazur ( Dinnyes et al. (2007) , with data from Rall and Fahy (1985) , Mazur (1990) , Vajta et al. (1997) at a specific cooling rate and others have added to this model to develop more refined methods of mathematically predicting optimal conditions for cell cryopreservation processing. The convergence of theoretical and empirical approaches has begun and, with recent progress in understanding mechanisms of injury to cells during cryopreservation, physical modelling using mathematical formulations has been developed to simulate a cell's response to environmental change during the cryopreservation process and to predict optimal cryopreservation conditions (Pitt et al. 1992; Toner et al. 1993; Karlsson et al. 1994; Liu et al. 2000) .
Vitrification methods
Cryopreservation without ice formation (vitrification) is a process of converting a material into a glass-like amorphous solid that is free of any crystalline structure, which is achieved by rapid cooling and mixing with high concentrations of CPAs. In general, the faster cooling and warming is undertaken, the lower the critical solute concentration necessary to obtain ice-free vitrification.
In 1985, Rall and Fahy successfully vitrified embryos using high CPA concentrations and a relatively low speed of cooling and warming (Rall and Fahy 1985) . Vitrification could be beneficial compared with freezing methods because it does not need any expensive equipment and takes only few seconds for cooling and warming. Vitrification is considered an attractive alternative to conventional freezing and has been applied successfully for the cryopreservation of embryos.
A typical vitrification protocol requires a high concentration of CPAs in the medium (30-50% compared with 5-10% for slow-freezing) at a cooling rate easily achievable for conventional laboratory conditions and set-ups. Such high CPA concentrations can be damaging to embryos, causing both biochemical alterations and lethal osmotic injury (Fahy 1986 ). To minimise osmotic and toxic effects associated with concentrated CPAs, researchers are exploring vitrification methods that require lower CPA concentrations. Toxicity can be reduced by combining two CPAs and/or adding precooled solutions. Conversely, it is possible to lower the critical permeable CPA concentration by adding non-permeable CPAs (Fahy 1986 ). Additives such as disaccharides (e.g. sucrose or trehalose) or high molecular weight molecules (e.g. Ficoll, polyvinylalcohol or polyvinylpyrrolidone) can significantly reduce the amount of permeable CPA required.
An alternative is to increase cooling and warming rates to meet the requirement of vitrification. To achieve very high cooling rates, the volume of the vitrification solution should be minimised by using specially designed containers, such as openpulled straws (OPS; Vajta et al. 1998) , electron microscope copper grids (Martino et al. 1996) , cryo-loop (Lane et al. 1999) , cryo-top (Kuwayama and Kato 2000) , gel-loading tip (Tominaga and Hamada 2001) and other similar devices, or without any containers in minimum-sized drops (Arav and Zeron 1997) , in microdrops (Papis et al. 2000) and by solid-surface vitrification (SSV; Dinnyes et al. 2000) . These methods have been used to achieve better results for the vitrification of embryos in species that are particularly susceptible to cryodamage, including the pig (Somfai et al. 2008) .
A major possibility to improve the survival of frozen or vitrified embryos is to develop cryopreservation techniques. Currently, there are three main strategies: freezing, traditional vitrification (vitrification in straws) and ultrarapid vitrification (Table 1) . Slow freezing has the advantage of using low concentrations of CPAs, which can reduce chemical toxicity and osmotic shock. Vitrification is a quick method, which decreases chilling injury; however, it requires high concentration of CPA. Recent emerging ultrarapid vitrification techniques have been successful in the cryopreservation of embryos using methods such as OPS, SSV, cryo-loop, cryo-top and Vitmaster (IMT, Ness Ziona, Israel; Arav et al. 2002) .
It is clear from the studies that optimal cryopreservation methods tend to be species and breed specific, due largely to variations in membrane permeability and embryo sensitivity to 52 Reproduction, Fertility and Development A. Dinnyes and T. L. Nedambale cryoprotectants and cooling/warming rates.Another major effect of cryosensitivity is due to the preimplantation developmental stage of the embryo, reflecting unique membrane permeability towards water and cryoprotectants, as well as cell repair and protective mechanisms.
Effect of cryopreservation on embryo gene expression
The extent of the environmental effects on embryo gene expression is a sensitive measure of stress. Diverse stressors have been shown to increase the expression of heat shock protein (hsp) 70.1 and the growth-arrest gene C/EBP homologous protein (CHOP)-10 in rodent and bovine embryos (Christians et al. 1995; Ozil and Huneau 2001) . It has been reported that there is no difference in stress-related gene expression between blastocysts developed from fresh or vitrified embryos (Boonkusol et al. 2006) . However, the upregulation of stress-related genes 3 h after warming of pronuclear stage embryos may be an early indicator of reduced viability caused by vitrification (Boonkusol et al. 2006) . Furthermore, differences in gene expression in response to cryopreservation may explain some of the observed differences in the further development of the preimplantation stage embryos (Boonkusol et al. 2006; Mamo et al. 2006) .
Cryopreservation of manipulated embryos: double jeopardy
Manipulation(s) creates various problems and increases the stress embryos are subjected to, as described above. Multiple manipulation steps can results in aberrant physical (membrane composition, cytoskeletal, chromosomal changes) and physiological (gene expression, protein production, etc.) patterns in embryos. When cryopreservation of these 'multi-manipulated' embryos is needed, it can create a delicate situation of 'double jeopardy' by introducing an additional stress and epigenetic modifications in addition to the existing problems. Typical examples of such cases include difficulties in freezing IVP bovine morulae, due to a 'chilling sensitivity', or, in general, the lower calving rates with cryopreserved IVP bovine embryos.
Effect of cryopreservation on IVP v. in vivo-derived embryos
Factors such as IVP conditions, serum and lipid content, postthaw recovery steps, the oil used in microdrop culture and the kinetics of development affect cryopreservation tolerance. Manipulated mammalian embryos may be more sensitive to the environment in which they develop, either in vitro or in vivo, leading to long-term changes in characteristics, postimplatation growth and postnatal health (Fleming et al. 2004) .
Differences between in vivo-and in vitro-derived embryos have been reviewed elsewhere Wright and Ellington 1995) and include darker cytoplasm, lower density, more lipids (specifically, more triglycerides and fewer lipids from other classes), a swollen blastomere, a more fragile zona pellucida, differences in intercellular communication and a higher incidence of chromosomal abnormalities in in vitroderived embryos (Trounson et al. 1980; Pollard and Leibo 1994; Viuff et al. 1999 Viuff et al. , 2002 . All these factors contribute significantly to the higher sensitivity to cryoinjury exhibited by IVP embryos compared with their in vivo-derived counterparts (Diez et al. 2001; Rizos et al. 2001; Dobrinsky 2002; Nedambale et al. 2006) and can be attributed to deficiencies in the in vitro culture conditions (Diez et al. 2001) . In several reports the in vitro survival of blastocysts was significantly higher after vitrification than after controlled freezing , indicating that the chilling sensitivity of IVP embryos can be circumvented by vitrification.
Bovine IVP embryos have also been reported to be dark (Abe et al. 2002) and it has been hyphothesised that this darkness is due to the higher ratio of lipids to proteins in the cytoplasm and may be a contributing factor to post-thaw survival following cryopreservation (Leibo and Loskutoff 1993) . Therefore, advances in embryo survival following vitrification could be achieved by improving culture conditions or by selecting embryos for vitrification based on developmental kinetics (Dinnyes et al. 1999) . Curiously, embryos that reach the blastocyst stage earlier are predominantly male, survive vitrification and subsequently hatch better than do female blastocysts (Nedambale et al. 2004 ). This raises the possibility that cryobiologists and embryologists may be biasing their selection of embryos towards males by using conventional embryo-grading techniques based on morphology and the rate of in vitro development. This potential skewing of sex ought to be taken into account when preserving beef or dairy blastocysts, in which the sex of the progeny is of major economic importance. Evidence of epigenetic differences between male and female bovine IVP embryos has been reported and epigenetic events may modulate the difference between the speed of development, metabolism and transcription observed during preimplantation development (Bermejo-Alvarez et al. 2008) .
There have been numerous problems encountered during the cryopreservation of pig embryos, reflecting their high sensitivity to chilling (Pollard and Leibo 1994) . IVP pig blastocysts are even more sensitive to cryopreservation than their in vivo counterparts, despite attempts to use advanced vitrification methods (Dobrinsky 2002; Du et al. 2007) . Porcine IVP zygotes are also very sensitive, although recently some success in their cryopreservation by vitrification have been achieved (Somfai et al. 2008) .
The serum and lipid composition of IVC media can play a major role in the cryotolerance of embryos. It is common to supplement medium used for the culture of IVP embryos with proteins or sera from various sources. The presence of a serum supplement in culture media may also influence the chemical composition of the embryos (Saha and Suzuki 1997) and their sensitivity to cryopreservation . When IVP embryos are cultured in serum-free medium and then cryopreserved under optimum conditions of cooling and warming, close to 100% may develop and hatch in culture (Hochi et al. 1996) . It has been also shown that IVP embryos incorporate more fatty acids into triglycerides than do in vivo-derived embryos (Nagashima et al. 1994) . This suggests that the process of embryo culture itself may modify basal lipid metabolism and could be responsible, in part, for the excessive accumulation of lipids into embryonic cells, with possible effects on membranes. These intracellular lipids may be responsible for the low tolerance of IVP embryos to cryopreservation and for their lower buoyant density. The partial removal of lipids by centrifugation
Cryopreservation of manipulated embryos
Reproduction, Fertility and Development 53 in porcine (Nagashima et al. 1994 ) and micromanipulation of bovine embryos (Du et al. 2007 ) has been attempted successfully. The resulting delipidisation of the one-cell bovine embryos is compatible with their normal development and has a beneficial effect on their tolerance to cryopreservation and thawing when cryopreserved at the blastocyst stage (Van Soom and Boer 2002). Reduction of the cytoplasmic lipid content of embryos with phenazine ethosulfate (PES), a compound that oxidises NADPH, also improved the cryotolerance of bovine embryos cultured in the absence of serum (Seidel 2006) . The addition of hyaluronan (Palasz et al. 2008) or linoleic acid (Hochi et al. 1999; Laowtammathron et al. 2005; Pereira and Marques 2008) to the culture media can be beneficial for bovine and buffalo IVP embryo cryotolerance, demonstrating the potential to manipulate IVC conditions specifically to increase cryotolerance. The oil overlay on culture medium microdrops can be an important factor in cryosurvival because, in most laboratories around the world, embryos are cultured in vitro under mineral, silicone (dimethylpolysiloxane) or paraffin oil. Problems have been attributed to changes in fatty acid proportions of the oil, which could cause membrane damage by lipid peroxidation (Van Soom and de Kruif 1992) . This, in turn, may reduce membrane permeability to water and permeating cryoprotectants, as well as decreasing the tolerance of embryos to stress resulting from cryopreservation (Tarin and Trounson 1993) . In one study (Van Soom et al. 2001) , none of the blastocysts produced under silicone oil survived the vitrification procedure, whereas those cultured in the same medium but under paraffin oil did survive; meanwhile, blastocysts produced in medium under other types of oil have been reported to survive vitrification.
The kinetics of embryonic development to morulae or blastocysts in culture is a possible factor influencing their post-thaw survival. The rate at which embryos develop in vitro affects their tolerance following cryopreservation (Nedambale et al. 2003) . Of those embryos that reached the two to four-cell stage 30 h after in vitro fertilisation, 70% became blastocysts, whereas only 30% of those that cleaved later did so (Grisart et al. 1994; Plante et al. 1994) . Those embryos that develop at a faster rate appear to be more tolerant to cooling (Dinnyes et al. 1999) . Currently, the rate of embryonic development is still considered a useful, non-invasive indicator of embryo viability.
Conclusions and future directions
In conclusion, the necessity for breeding management, genetic improvements in domestic livestock industries, more advanced treatment for human infertility, the efficient preservation of laboratory animal species and better conservation of biodiversity for endangered species have motivated scientists and breeders to use empirical and theoretical research approaches in developing efficient cryopreservation procedures for a broad range of species over the past 50 years.
Recent encouraging results on large-scale ET with vitrified bovine blastocysts produced by IVF with sex-sorted semen achieved a 41% pregnancy rate, which did not different from the pregnancy results for in vivo-derived embryos (53%) in that study (Xu et al. 2006) . However, in most species, the technical developments of vitrification methods need further breakthroughs to overcome the existing barriers of sensitivity of manipulated embryos. New methods to increase stress tolerance include exposure of embryos to a limited amount of stress; for example, high-pressure treatment (Pribenszky et al. 2004 ) can improve cryotolerance. Understanding the underlying molecular biological processes is essential for further progress (Bock et al. 2008) .
The advances in TG technology will provide new tools to manipulate the physiology of mammalian embryos and modify the expression of membrane transporters; for example, aquaporins (Edashige et al. 2003) can enhance cryosurvival of TG embryos.
Systematic research into conventional freezing methods has led to improvements in CPAs, cooling and warming procedures, as well as avoidance of the formation of damaging ice, for both human and laboratory and domestic animal embryos. Vitrification methods have allowed improved cryosurvival in cases where chilling sensitivity was a major obstacle. However, the methods developed have not been tested for manipulated or 'multi-manipulated' embryos; indeed, further improvements are needed that go beyond the empirical approaches that have dominated the cryopreservation field for many years. The challenge is to determine the optimal protocol derived from the almost infinite number of possibilities (Karlsson and Toner 2000) . To replace traditional empirical methods, such as modifying technical conditions in freezing trials, novel models have been proposed to predict the likelihood of freezing-induced injury or mortality (Muldrew and McGann 1990, 1994; Toner et al. 1993) . Membrane permeability to water and permeating CPAs, time of exposure, resistance to osmotic changes, minimal critical volume, cell size and morphology greatly influence freezing injury. Accumulated knowledge in cryobiology and cellular characteristisation make it possible to rationally design cooling procedures using computer simulations (Karlsson et al. 1994; Liu et al. 2000) .
Simulations in the development of cryopreservation methods for endangered species or humans would be highly beneficial in order to save limited resources. In order to achieve this, further fundamental research is required to elucidate the mechanisms underlying the damage that occurs during cryopreservation and to develop predictive models for these processes.
Historically, methods for embryo cryopreservation were developed using an empirical approach and the parameters to assess the success of a given protocol typically included morphological survival rate, as well as development in vitro and in vivo after ET. Although this approach has certainly resulted in improved cryopreservation techniques and protocols, it has provided limited information regarding the actual physiology of the embryos and the complex events involved, namely the interaction between CPAs, the effect of cooling-warming rates or the impact on cell function. Changes in gene expression caused by cryopreservation have been reported for mouse embryos (Boonkusol et al. 2006; Mamo et al. 2006) , but very little is known about changes in gene expression in other species or changes in protein profiles. More molecular biological data coupled with membrane characteristics and CPA toxicities may help model the embryo mathematically as a 'system', to make reliable predictions for cryobehaviour and create fundamentally new avenues 54 Reproduction, Fertility and Development A. Dinnyes and T. L. Nedambale for cryopreservation taking into account long-term biological consequences. The key to the success of manipulated embryos would be to reduce the adverse epigenetic effects due to the manipulations. Efficiently controlled IVP environments, achieving physiological handling conditions, improved ET and pregnancy maintenance methods (Meng et al. 2008 ) together could contribute to better overall results. Many lessons learnt from the extremely difficult SCNT systems ) may also be helpful in improving the overall success of cryopreserved embryos.
On-line voting procedure for the Board of Governors Elections
As with the last several years the Governor and Vice President Elections will be done electronically thru the IETS website. The voting will be done between the September newsletter (presentation of the candidates and a call to vote) and the December newsletter (presentation of voting results), prior to the annual conference. You can vote only once and only when you have paid your annual fee for the current year. When you go to the IETS website to enter the voting system, you have to enter your last name and ID number, same as when you access the newsletter. If you can not remember your ID number, please email Jennifer Gavel, Executive Secretary of IETS (jennig@assochq.org), to refresh your memory. There are separate pages for new Governors and the new Vice President. Please vote for two candidates for Governor and one candidate for Vice President. There is the possibility to enter other candidates for governor at the end of the page, replacing the option for nominees from the fl oor in the business meeting. The Governors will serve a three-year term starting in January 2010. The Vice President will serve a three-year term starting in January 2010 succeeding to President in January 2011 and to Immediate Past President in January 2012. If you do not have access to internet, you can fi ll in the Ballot included at the bottom of this document and fax it to Jennifer Gavel at 217-398-4119
PLEASE MAKE SURE YOU HAVE VOTED PRIOR TO 1 NOVEMBER 2009

Retiring Governors
Completing their term of service as of January 2010 are Richard Fayrer-Hosken (USA, academic), Rebecca Krisher (USA, academic) and Ann Van Soom (Belgium, academic). Remaining on the Board as offi cers will be Pat Lonergan, Immediate Past-President (Ireland, academic) and Peter Farin, President (USA, academic). Remaining on the Board as governors for the third year of their terms will be Andras Dinnyes (Hungary, academic) and Peter Hansen (USA, academic). Also remaining on the Board as governors for the second year of their terms will be Pascale Chavatte-Palmer (France, academic) and Matthew Wheeler (USA, academic).
Responsibilities of Governors
Article VI, Section 1. The Board of Governors shall be the governing body of the Society and it shall have control and management of the affairs and business of the Society. Without limiting the generality of the foregoing, the Board of Governors shall approve the format and guidelines for the conduct of the annual conference and business meeting and that for any other meeting or activity including the approval of documents issued in the name of the Society. It shall have the discretion in the disbursement of its funds and may adopt such rules and regulations for the conduct of its business as shall be deemed appropriate. The Board of Governors shall report its actions to the Members of the Society at the Annual Meeting as well as in its regularly published newsletter. Eligibility to Hold Offi ce Article III, Section 3. Only persons holding Regular Membership in the Society and those entitled to the rights of Regular Membership by virtue of their Emeritus status or representing a Sustaining Member are eligible to vote, hold offi ce, or to nominate candidates for offi ce in the Society. Election Procedures Article X, Section 1. Election for members of the Board of Governors and for the position of vice-President shall be by mail or electronic ballot, by Regular Members following publication of the names and biosketches of the candidates. Votes shall be counted by the Business Offi ce, which will communicate the results to the Board of Governors. In the event of a tie for the positions of Governor or vice-President, the outcome shall be decided by a ballot among the Board of Governors.
Election Information Election of Governors
Article VI, Section 2. The Board of Governors shall consist of Governors elected from and by the Regular Membership of the Society by means of an annual ballot. The Governors shall be divided into three classes, each class consisting of two Governors being elected every third year. Each member of a class of Governors shall be elected and hold offi ce for a term of three years and until a successor has been elected and qualifi ed or until such Governor's early death, resignation or removal in a manner hereinafter provided. In the event that a Governor is serving as Secretary/Treasurer in the third year of his/her term, and designated by the Board in unanimous action to succeed him/herself and if such Governor has committed to serve as Secretary/Treasurer in a succeeding term, such Governor shall not stand for re-election but will continue as a Governor in the class to which such Governor would have been elected. The chairman of the Nominating Committee will include such action in his/her report to the membership. From each annual ballot, a number of Governors equal to that of those whose terms are about to expire, shall be elected for a term of three years. In addition, as deemed necessary by the Board to maintain the number of Governors, one or more replacement Governors may also be elected by the Regular members when a Governor's position has become vacant prematurely due to resignation, removal or death. In the event that the elected term of a Governor has expired by the time of commencing his/her term of offi ce as vice-president succeeding to president and/or as president succeeding to past president, such offi cers will continue as members of the Board of Governors until completion of their terms as past president. Any Governor shall be eligible for re-election but may not serve more than two consecutive three year terms as a Governor. A Member of the Society who is elected to the position of vice-President and who is not a current Governor shall become ex offi cio a member of the current Board of Governors. Board members shall take offi ce at the end of the Annual Meeting. Sciences, teaching anatomy and reproductive physiology. He has broad interests in basic and applied aspects of reproductive biology, and has published classic studies of ovarian follicle development and ovulation in several species including bovids, camelids, cervids, and primates. Studies on ovarian function in women by Dr. Adams and co-workers at the University of Saskatchewan were cited as among the top 100 scientifi c discoveries of the year by Discover Magazine. Technical applications resulting from his work include ovarian synchronization and superstimulation, oocyte collection, in vitro embryo production and transfer in cattle, camelids, bison and cervids, 2-and 3-dimensional ultrasonography, and computer-assisted image analysis. His current research focuses on ovulation-inducing factors in seminal plasma, factors infl uencing oocyte competence in cattle, and synchrotron-based biomedical imaging. Dr. Adams is the recent recipient of the University of Saskatchewan's Distinguished Researcher Award. He has supervised 28 graduate students, held over $20 million in research grants, has authored over 120 peer-reviewed publications, and given more than 100 invited presentations including keynote addresses at national and international conferences. Dr. Clark would like to continue to serve IETS through development of training and educational modules and distance education. The future of moving embryos is also transferring information across the miles. She believes that this will be important as more diseases limit the movement of animals and people throughout the world. He was actively involved in projects that focus on embryo sexing, cryopreservation of bovine embryos and Rabbit semen freezing, IVM, IVF, IVC, use of sexed-sorted Sperm for IVF. His group is currently engaged in studying the mechanism of cryopreservation of South African indigenous animals semen, oocytes, embryos and somatic cells; cryopreservation of chicken semen, artifi cial insemination, embryo fl ushing and embryo transfer. Furthermore, conduct training on embryology, cryopreservation and artifi cial insemination. He has been a member of IETS since 2000 and IETS has become the most important scientifi c venue for his lab to communicate with the scientifi c world and encouraging South Africans and other colleagues from around the world to join IETS. Dr. Nedambale has actively participated in annual IETS meetings and served as an abstract reviewer and section editor twice. With his students and associate, he published abstracts or papers frequently and has supported his students to attend the IETS meetings. From his interaction with the IETS, he has established collaboration with other scientist globally. If Dr. Lucky Nedambale elected, a major goal would be to continue working hard to support and promote IETS as a unique platform for scientifi c exchange, collaboration for the development of novel technologies and for advancing understanding of animal reproduction globally. He will also encourage student participation in IETS. The Research Subcommittee was unable to meet separately to review the Research Update this past January due to the proximity of the IETS conference to the holidays. Thus, the upcoming Research Update will contain more references than usual. If you are aware of any peer-reviewed research published in 2008 or 2009 regarding embryo-pathogen research that you believe will not be identifi ed in standard literature searches, we request that you send an electronic copy of the publication to our committee at givenmd@auburn.edu.
Candidates put forward VICE PRESIDENT
IETS BALLOT
During the parent meeting of HASAC at the 2009 IETS meeting, concerns were expressed about contamination with viruses such as bovine leukemia virus or equine viral arteritis virus of collected somatic cells to be used for cloning. While this topic will receive further consideration, the current recommendation is that a validated assay be performed for specifi c viruses of concern prior to using somatic cells in cloning. This recommendation is made with a clear understanding that (a) assays must be validated for use in testing samples of the somatic cells and (b) viruses which are of specifi c concern should be identifi ed based on the species and health status of the cell donor. Future research may provide evidence on which to base procedures to ensure sanitary collection and production of cultured somatic cells. Yet, for the time being, as cultured cells can be passaged with a sub-culture tested for specifi c pathogens of concern, this recommendation is considered prudent until further published research is available.
While the current disease categorizations of scrapie in sheep and porcine reproductive and respiratory syndrome (PRRS) were discussed in the open meeting, classical scrapie in sheep remained in category 2 and PRRS virus remained in category 3. Further consideration of these disease categorizations regarding the risk of transmission via in vivo-derived embryos will be considered as additional research is published.
Recent research regarding the interaction of bluetongue virus with in vivo-derived bovine and ovine embryos was discussed. While bluetongue virus is assessed to be in disease category 1 for bovine embryos (…suffi cient evidence has accrued to show that the risk of transmission is negligible provided that the embryos are properly handled between collection and transfer according to the IETS Manual.) and disease category 2 for ovine embryos (…substantial evidence has accrued to show that the risk of transmission is negligible…, but for which additional transfers are required to verify existing data), the emergence of bluetongue virus type 8 in geographic areas not previously reporting disease indicates the potential development of unique modes of viral transmission. Thus, HASAC passed a motion, "Whereas there is some concern regarding the interaction of BTV8 with bovine embryos, it is resolved by IETS HASAC that more research is needed to further evaluate any interaction of BTV-8 with bovine embryos."
In conclusion, notable work was completed at the parent meeting this past January and signifi cant progress is anticipated as future research regarding embryo-pathogen interactions is completed and published. 
Letter of Invitation
On behalf of the IETS, the SBTE and the Local Organizing Committee, we would like to extend a warm invitation to all IETS members to join us in Córdoba, Argentina to participate at the next 36th Annual Conference of the IETS and the 23rd Annual Meeting of the SBTE, to be held at the Sheraton Córdoba Hotel, between January 9 to 12, 2010.
The theme of the scientifi c program is: "Back to the Basics, from the bench to the fi eld"
The program topics include:
The donor animal. Control of environmental conditions in the lab and fi eld. Embryo/oocyte culture in microenvironments. Embryo manipulation. Production of pregnancies. Production of live offspring.
There also will be a Practitioner's Forum on "In vitro embryo production", organized by the SBTE and the main program will conclude with a keynote address by Nathan Price (University of Illinois), entitled "Early Embryo Development, a Systems Biology Approach".
The Local Organizing Committee is planning a variety of social events, especially a closing party with an Argentinean menu, wines and music on the evening of Tuesday, January 12.
Details about the program, including the invited speakers and titles of their presentations, are currently available on the IETS website at: www.iets.org/2010
In addition to the main program, a Pre-Conference Symposium "New developments in the practice of embryo transfer" organized by Dr. Reuben Mapletoft, and a Pre-Conference Workshop "Current progress in domestic animal embryonic stem cell research" organized by Dr. Fulvio Gandolfi , will be held on Saturday, January 9, 2010.
Information about accommodation, sites to visit in Córdoba and other places in Argentina will soon be available on the IETS web site.
We sincerely hope that you will all be able to join us in Córdoba! Bioniche Animal Health is again generously sponsoring a symposium on new developments in the practice of embryo transfer for practitioners and clinical scientists, immediately before the Annual Meeting of the IETS in Cordoba, Argentina. Eight leading researchers and practitioners from Argentina, Brazil, New Zealand and the USA will be presenting new and previously unpublished information. Be sure to get registered early to ensure your attendance. Many manuscripts are delayed or rejected due to poor experimental design, analysis and presentation of data, and writing. This workshop covers how to plan and conduct research, analyze and present data, write a paper, and interact with editors and reviewers. In addition to presentations of principles and common errors, there will be exercises and interactive discussions. Course notes and certifi cates of attendance will issued. This workshop is primarily designed for those for whom English is a second language. Therefore, English syntax, grammar and punctuation will be reviewed. However, this workshop will also be valuable for those for whom English is their native language, especially students and young scientists.
Scientifi c Program
The workshop will be held from 08:30 to 17:00 on Wednesday and Thursday, January 13 and 14, at the Universidad Católica de Córdoba, Obispo Trejo 323, Cordoba. This university is downtown and is walking distance (approximately 12 blocks) from the main conference hotel for the 2010 IETS/SBTE meeting.
Class size is limited, so please register early to ensure your place. Registration fees are payable to IETS via the registration form (www.iets.org). The reduced early registration fee (US$150 for IETS members listed in current membership directory; US$200 for non-members) must be received before 1 December 2009. The OnSite registration fee is US$200 for IETS members and US$250 for non-members (if space is available). Student registration (undergraduate or graduate students and post-doctoral fellows) is US$125, pre-paid or US$175 at the door. The registration fee does not include meals. This workshop will be conducted by Dr. Kastelic. He has more than 20 years of experience conducting research and publishing papers, and is author or co-author of >100 peer-reviewed articles and >200 abstracts, proceedings and other articles. In addition, he has considerable experience as a reviewer and editor, including serving as Co-Editor-in-Chief of Theriogenology since 2003. He has done presentations and workshops on science and science writing in nine countries on four continents. It has been his privilege to visit South America on several occasions, primarily to conduct collaborative research and to deliver lectures and workshops on science and science writing. 
